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Attorney Docket No.DVP102US-1226 
U.S. Patent Application No. 09/830,044 
^ Date: January 5, 2004 

APPARATUS FOR jmEEXIRUSION OF BLOWN PFT in^cpTim 

Background of the Invention 

This invention relates to a process and apparatus used in cellulose extrusion and the 
obtained product, i.e. extruded cellulose film in, for example, sheet or tubular form. 

The process relates to extruding a solution of cellulose, water and an amine oxide 
according to the well-known amine oxide extrusion process. In particular, the process relates to 
the reduction or avoidance of degradation or discoloration of the extruded cellulose solution, 
which otherwise leads to poor product quality. 

The apparatus also relates to the avoidance of variations in thickness and edge wrinkling 

of the extruded film. 

The apparatus is also suitable for use in extrusion of a blown film into a precipitation 
1 5 medium. 

The invention also relates to an extruded cellulose product having a novel structure. 
The production of extruded cellulose articles, such as fibers sheets or tubes has been 
known for more than a century. In this so-called "viscose" process, cellulose is derivatised with 
carbon disulphide and solubilized in diluted sodium hydroxide to form a solution and the 
solution is extruded. The extruded cellulose is then regenerated and reverts to its solid form 
The viscose process has been used for the manufacture of sausage casings, flat cellulophane 
films, rayon fibers bottle caps etc. A disadvantage of the viscose process es that it employs 
carbon disulphide as an intermediate, which is environmentally undesirable. 

More recently, the so-called "amine oxide" process has been developed wherein cellulose 
is dissolved in a mixture of water and an amine-oxide solvent. A commonly used amine-oxide 
solvent is the tertiary amine-oxide NMMO (N-methyl morpholine N-oxide). This solvent is able 
to dissolve cellulose without having to first derivatise the 
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cellule, as for example in the viscose process 
solubilised the cellulose will precipitate from 
solution as a regenerated «.n t' eci P ltate from the 
. . generated cellulose product by contactina 

the solution with a preciBLtm'n i • reacting 

a f-i«=t-ipication lxcruid whi<-h < <=• = ~ 
soivent for. cellule and a solvent ? or If "J ""J 
frequency used precipitation li^id £or the ' " 
process is water Prior to „ / *™ine-oxide 
oxide solution ^T^T"' """^ «— ' 

added to the solution to^bi^e ™ f^' "* * 
NMMO. thermal degradation of 

It has now been surprisingly found that usincr the 
amme-oxide process, extruded cellulose films J^J^ 

structure and enhanced mechanical properties 
obtained. Properties may be 

Furthermore, it has v, aan > 

, been found when extn 1( n n « 

cellulose films, that the en , 11( ,^ fc . extruding 

brown-red. Moreover the C T W * S C ° Wed 

different Jr ' ^ lntensit y va ^ed between 

different extrusion runs in an apparently uncontrolled 
manner. Colour variation could even be observed ZTnt t 
single long extrusion run. lng a 

in the extrusion step of the amine-oxide process when 

a inaustry], the tube x « extruded into a bath of 
precipitation liquid. The precipitation liq uid is a ,°! 
maintained within the extruded tube so as to aoiid"f y he 
cellule fro» the inside. A slioht positive pressure of 

™r; n :r ri: t p rrr ^ 

so as to expand the tube i n che 
transverse direction ( ie . transverse t« ^ 
extrusion direction) Th. „ Cransverse to the machine 
within rh eCtl ° n) • The P^ence of precipitation liquid 
vathx n the extruded cellulo3e cube ^ 

dxf £ iculties after the tube emerges from the precipitin 
b*th, since it is necessary to cut the 
intervals in order to allow the l iquid to drain 
Failure to do so, leads to undesirable stretching of he 
tube and variations in diameter and thickness. 
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Brief Description of the Invention 
In accordance with the invention an apparatus is provided for the production of extruded 
blown cellulose film from a solution of cellulose, water and an amine-oxide, which includes 

- extrusion apparatus for continuously extruding a cellulose solution to produce a 
cellulose film; 

- solidifying apparatus for solidifying the extruded cellulose film; 

- drawing apparatus positioned downstream of the extrusion apparatus for continuously 
drawing the extruded cellulose film from the extrusion apparatus; and 

a tubular member for containing the precipitation apparatus and for receiving an extruded blown 
film wherein the tubular member is situated within a precipitation bath. 
The invention also includes a method of extruding blown film . 

Detailed Description of the Invention 
It is an object of the present invention to mitigate the above problems. 
According to a first aspect of the present invention there is provided a process for 
extruding a solution of cellulose, water and an amine-oxide, which comprises 
-providing a closed vessel containing said cellulose solution; 
-providing an inert gas blanket above the cellulose solution in the vessel; and 
-delivering the cellulose solution to an extrusion means for extrusion thereof. 

Thus, it has been surprisingly found that protecting the stored cellulose solution from 
oxidation by the provision of an inert gas blanket substantially mitigates against undesirable 
color variations in the extruded product. Generally, the inert gas is nitrogen, but other inert gases 
capable of protecting against oxidation might also be used. 

The cellulose solution for extrusion comprises water and an amine-oxide. Suitable 
amine-oxides are known in the art and are particularly tertiary amine-oxides, such as NMMO di- 
methyl morpholine N-oxide). Generally, cellulose pulp is mixed with an aqueous amine-oxide 
solution containing about 50% NMMO. The cellulose is unable to dissolve at such high water 
content. The water is then removed from the mixture by applying heat and reduced pressure. 
Typically, the pressure is set so the water boils off at approximately 70° and the vapors are 
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are removed and recovered by re-condensation. Once the water content has been reduced from 
about 50O/O to about 12%, the NMMO mono hydrate is formed and the cellulose dissolves 
therein. The temperature is then typically increased to around 95°C to completely dissolve all 
the cellulose fibres. The reduced pressure is maintained or increased in order to remove any 
remaining air bubbles from the cellulose solution. This solution is then suitable for extrusion. 

The solution may be extruded directly or stored for prolonged periods without 
detrimental effects. Furthermore, the solution may be solidified by decreasing the temperature 
(from around 100°C) to allow the solution to solidify and then ground to form pellets. 

The cellulose solution ready for extrusion is stored in the closed vessel, which enables a 
blanket of inert gas to be maintained in the free space above the cellulose solution. The inert gas 
may be slightly pressurized in order to reduce ingress of air from outside the vessel, which might 
lead to deterioration of the stored cellulose solution. The use of positive pressure of inert gas 
may also be of assistance in delivering the cellulose solution to the extrusion means. 

The cellulose solution is extruded via the extrusion means into any desired shape, such as 
flat sheets or tubes. The process is particularly applicable to the production of wrappings or 
tubular casings for sausages, salami or other cased food products. The cellulose casing may be 
either used during the production of food product and removed thereafter or may be retained in 
place. 

According to a second aspect of the present invention there is provided an apparatus for 
the production of extruded cellulose film, which comprises:-extrusion means for continuously 
extruding a cellulose solution to form cellulose film; -precipitation means for solidifying the 
extruded cellulose film; and -draw means positioned downstream of the extrusion means for 
continuously drawing the extruded cellulose film from the extrusion means. 

Thus, it has surprisingly been found that providing a positive transport mechanism in the 
form of draw means to continuously draw the extruded film away from the extrusion means 
gives good control over the thickness of the extruded film. 

The cellulose solution for extrusion may be a viscose solution or an amine-oxide solution, 

according to known 
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technology . 

The extrusion mean<5 npn^n 

di m .„ sio „ s . In parcicular , th ; fi £ 1 1 m 1 ;; £ b desired sh ^ - 

. sheet or may .U^ijTj^^JT/" ^ ° £ 

FUt cellulose sheet, are used in , " ^ * 

axe usea an the food induct- * 
wrapping food products. Cellulose tubes are used r 
food products, such as sausages ^ t0 enca ** 

P ,oducts. As mentioned ^zz:^r d food 

with the production * - tubal* ceLl^^^^ 

13 * ecess ^ to maintain a volume of prLJtztiJ \ 
within the tube to assi^r PreClpitatlon liquid 

co assist solidirication thereof 
According to a preferred feature ft f m 

of the present invention „ ^ ° f the secon <* aspect 

^ L invention, when the p Y hm^^ , 

1. tubular the draw means i n che tTo'^t 

which draw the flattened tuhe awTy fl n r ° UerS 

the tube tooether to form , seal T_ th " ". ld - ° f 



precipitation liquid in - ,<„„ , C ° reCain che 

extrusion means a^d tht ^tLT^S ^ 

liquid downstream and thus minimi * "„ ^ 
extruded cellulose tube at regular intervals ' , 
carried over. liquid. This represents etvTno ™ 1 — * 

»nd also in labour costs * "avmg ln materials 

.«,. drri e a r „ru: cu t r te ."" tenin9 ° £ the «*• - 

w means (eg. the nip rollers ^ • 
provide collapsing means J co^ ^ ^117^ " 
tubular form towards a f) a r f . „ . rC "" " s 

means may be in che fori V " ** 

Plates having a de reason, s D a ^uid. 

Really a/a„ angle IHo to TT" ^ ^ 

1 to 35 , preferably IS to 25° 

In a particular embodiment, the draw means and rh 

=ollap ai „ 9 means are combined into a single unit Tn th 

iset pL:^ et;:«: :s~rr e " and 

«- -„g belts have the ^ £ ^ ^ 
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transporting the extruded tube throuah th* ™n 

and into the draw .eans. & Elapsing „ 1eans 

Where the collapsing me ans are stationary they wiU 
generally be coated with a low friction ma terL h 
PVDP. Where the collapsing .eans are i Z L of 
-ovxng belt, a belt such as a rubber belt having aTuitaL 
surface rouqhness fnr t-v, suitable 
be chosen. "—Porting the «ll»l Me tube will 

It is found that the presence of the co 
help, to avoid wringing o f the edges of t J fl ~ 

- u^rr;t:r e ;;r r b r iiy a — • 

Present m a bath or may be showered 
the extruded film. i„ the case of rh» red ° nt ° 

. . . ne case of the amine-oxide process 

the precipitation liguid is generally » ater J ™' 
aqueous amine-oxide solution. 

The draw means .is generally in the form of a 
nip rollers having a surface formed of . material having 
appropriate frictional sixties for gently grip ping th! 
extruded film without damaging it . The dr /„ ^an' may ^ 

to 250, faster, than the speed of the extrusion meL in 
order to expand the . extruded cellulose film in th 
longitudinal machine direction 

procesTfoTthe' '7"°" alS ° reU " S " * corresponding 

The or. Pr ° dUCtion ° £ cellulose film, 

of .Til lnVenCi ° n " h » «PP"«J to the production 

of extruded cellulose tube allows the maintenance of a 
fixed internal volume of preciDitati™ , • „ , 
,h. .„,- ■ Precipitation liquid downstream of 

the extrusion means and the prevention of liquid carry 
over. It also enabies the production o, uniform flat" ,! 
of a constant wall thickness. 

According to a third aspect of the present invention 
here is provided apparatus for use in extrusion of a HoZ 
film into a precipitation medium, the apparatus co^risL" 

for rece Palpitation -dfum and 

for receiving an extruded blown tube. 
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According to a fourth aspect of the present invention 
there ls provided a method of extruding blown £ii m , the 

method comprising; 

extruding material through a die to form a tube-' 
^ maintaining the tube interior at a positive pressure,- 

passing the tube through a precipitation medium 
contained within a tubular member. 

The aspects of the invention are useful in extrusion 
operations where a material, such as a cellulose\ N -Methyl 
Morpholine N-Oxide (NMMO) melt solution, is extruded into 
a precipitation medium, which in the case of a 
ceiimose/NMMo solution is water or aqueous vmo solution 
where the melt solution precipitates, typically to a solid 
semi-gel state. 

The tubular member may serve a number of useful 
functions: the member may be utilised to guide the extruded 
tube through the precipitation medium; and the member 
protects the extruded tube from disturbances in the 
precipitation medium. As a result, it has been found that 
the presence of such a tubular member improves the 
uniformity of the tube wall thickness. 

Preferably, the extruded material is a mixCure o£ 
cellulose in tertiary amine-oxide. Such as N _ Methyl 
Morpholine N-Oxide (NMMO) as discussed above 

Preferably also, the inner diameter of the tubular 
member is between 1.05 and 1.5 times the outer diameter of 
the extruded tube. 

The precipitation medium will typically be provided as 
a bath of liquid, with the precipitation liquid present 
both inside and surrounding the tube, and it is preferred 
that the tubular member is at least partially immersed in 
the liquid. 

Preferably also, an air gap is provided between the 
extrusion die and the bath of precipitation liquid, and by 
providing a positive pressure in the air gap within the 
extruded tube a blowing- up or inflation of the tube 
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results. conveniently, this is achieved by introducing 
pressurised air into the air gap -within the tube. ■ 

Preferably also, the extruded tube moves downwardly 
through the tubular member. Most preferably, the tubular 
member ie vertically oriented. 

Preferably also, the tubular member is transparent 
permxtting the extruded tube to be viewed as it passes 
through the member. 

The tubular member may have a solid wall, or may have 
a perforated or discontinuous wall. 

Preferably also, the precipitation medium flows 
preferably axially. between the extruded tube and the 

tubular member. 

Preferably also, following precipitation, the extruded 
tube is flattened by pick-up members, typically pick . up 
rollers, and the tubular member is profiled to guide the 
extruded tube to the pick-up members. 

According to a fifth aspect of the present invention 
there is provided an extruded cellulose product, such as a 
film or fibre, having a substantially uniform distribution 
of f in e pores throughout its cross -sections . 

The fine porous structure obtained is quite distinct 
from the structure found in cellulose . .films produced 
according to the viscose process, m the viscose process 
a cross-section through the extruded film shows a 
relatively few large pores and these pores tend to be 
elongate with an aspect ratio in excess of 5 to i 
Generally. th e pores are elliptical in cross-section m 
contrast, the pore structure of the cellulose films of the 
present invention is quite different and shows a widespread 
distribution of fine pores substantially evenly distributed 
throughout the cross-section of the fii m . The pores tend 
to be somewhat irregular in shape but the aspect ratio 
tends to be less than 5 to i (e.g. in the range 1:1 . 1;5) 

This is believed to dive Hsp t-o ^ 

yive rise to improved mechanical 

properties. 

As determined by electron microscopy, the p ore size of 
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the extruded film varies dependent on whether the film has 
never been dried, is dried, or has 'been dried and rewetted 
Surprasxngly, the pore size tends to vary more markedly 
depending on these parameters than does the pore size of 
cellulose films produced from the conventional viscose 
process, m particular, it is found that the pore size of 
extruded never-dried cellulose fil m tends to lie in the 
region 10-500nm whereas the pore size of the dried film 
tends to lie in the region 5-50nm as determined by electron 
microscopy. m contrast, the spindle-like or elliptical 
voids of the viscose process tend to have a minor dimension 
of 5-150nm and a major dimension of 300-750nm. 

Comparative pore dimensions have also been 
investigated using small angle x-ray (SAXS) techniques as 
described herein. it is noted that the pore volume of 
dried film tends to lie in the region 0.04-0.05% volume 
fraction (compared to 0.25 for the viscose process) the 
pore volume for rewetted film tends to lie in the range 
0.05-2% (compared to O.ix for viscose material). The pore 
dimension of dried material tends to He in the range 2 0- 
2.5nm (compared to 2.4 for the vi scoe e process) and the 
pore dimension for rewetted material is in the range 3.2- 
3.7 (compared to 2.0 for the viscose process). The pore 
internal surface area of dried film lies in the range 0.7- 
l.OmVcm 3 (compared to 4 . 3m 2 /cm 3 for the viscose process) and 
for rewetted film tends to be in the region 5-25m7cm> 
(compared to about 2 for the viscose process) . Thus, the 
material of the present invention tends to exhibit a 
multiplicity of fine pores compared to a relatively email 
number of large pores in the viscose process. 

It is found that there is increased permeability 
through the cellulose film of the present invention which 
is typically in the range 225-500mg M m ml/min cm 2 g 
(compared to a value of about 213 for the viscose process) . 
The measurement methodology is given herein. 

Finally, it is observed that the material of the 
present invention is less crystalline and exhibits a 
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It is also observed that vavi*-- 
°f precipitation bath "" 10M in the temperature 

1 can iead co wl . "™ ™" " -Hut. NMMO 

extruded cellulose film ln th « structure of the 

temperatures (such as 20-c tend r partlcul ". higher 

whereas lower temperatures <f or J™ ^ 
favour smaller pore si« s , ample 10 * c > "nd to 

«.f t h e 9 i:; e Li:; «* . (irst embodimant 

^gure 2 is , schematic view of a , „ . 
«e invention for the production t ? emb °diment of 
employing separate draw means and coUaos " d 

employing a combined draw MaM ' » thlrt embodiment 

form of a pair of „o„- para u el — « «» 

e«rusio 9 n r p e roces" " "*— "° dia3 » m « the overall 
. . "igure 5 is ,„ ,nl ar9ed vle „ 
«d showing . tube-guiding pi pe " °' Fi9Ure «• 

dried^p" 7," * SeCtIon *l morphology of never 

figure 7 i, th . internal _ 
Figure a is a c-~,o 3mple 7 - 

dried sample 8; tionai morphology of 

never 

Figure 9 is the internal surface of „ , 
Figure 10 is a cr . n „ sur £ace of sample 8; 
dried sample 14; , ae ^onal morphology oC never 

Figure ii i s r h(a 

Figure i2 is C a he c lnte ^ 1 -urfw. of sample 

Standard code 0232 lo , rlwLteT m ° rphol °^ of Pommel 

Figure 13 is the intern e al ' 
code 023 2io ; and e of L °mmel Standard 
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comprising , 9Uto § ■ * ■^•«~» 

cellulose amine-cxide solution l containing a 

space 2 above by , blanJtet Qf "j™^** ln «* ^ae 
atmospheric pressure T h. ~i , , " ' sli 9 hc ly above- 

extruder screw 5 driven bv ^ *' fed c ° - 

^ a gear P u mp ' ? J™* 4 «" then 

cllulc amine-oxi J e ™° n ^ The 

• -be « via an , lr gap lnco a ™ » the form o£ 

! ™ ple ■ »e extruded tube ^" 7 < £ ~ 

conventional manner. n 'inished in 

Figure 2 shows schematically » 
including an extrusion die in , exCrus i°n means 101 

cellulose tubular fiU^^^J" ' 
liquad 106 via an air gap ln ° £ P^Pitation 

Process, the cellulose solution for ex"!"/ *" amine - 0)tide 

of cellulose and amine-oxide i„ water a ^T " * S ° 1Uti ° n 
liquid is Bacer or " " ater and the precipit ation 

extruded cellulose tube tl ml " e " OXi<le solution. The 
P-cipitation liouid until r tta ^ «" 

device l03 m the form ot a li/T"*"* ' co "l>«»9 
Plates coated with a low frictiji °, non -P"allel 
P^te is inclined at a „ angle^f " ^ ' ^ ■ 

longitudinal!, machine .T^"''* "* <° ^ 

line) . The collapsing mean ^ ' cb » in -*>tfd 

into a £ lat for" ^"^lY collapses the 

into the nip of a ^ir f rou"^ *** iS ^ 
together the opposite sides of the " 4 ^ 

form an effective seal and f fl "tened tube so as to 

tn* tube to mainta the """^ —re to 

tension. extruded tube under a slight 

The distance H between the nip of th. , , 
nrtration of collapsing of the tube rs' " ™" "* 
experimentally until ™- • Can be varied 

-nerallv. the dis^ce^Hn T^" 
centimetres. region 10 to 10Q 
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An amount 107 of 
maintained inside [he e«/;™a u ^ se " 3lSO 

(shown in Figure 3) whi.h ■ llUiOSe tube by a means 

i—.u- jl appL?::. rr r 1 of 

-be ana assists s^^^J ^ " ™t.id. the 

extrude, tube . ^ alr ° f <=£ »te r of ^ 

Precipitation Uquid „ Ithi „ the 6 lefc _ -bov. the 

s^htiv above atmospheric pressura « 

«»«« expansion of the extruded , Um - n " " " 
direction. ixim xn the transverse 

The effect of the nip roliers m is fir „, 
the extruded cellulose tube from _ ^""^ c ° "raw 
thereby maintaining a slight t,„ extrusion means 

£ ound to rain i raise : aria :- - : k ;: a r e r which is 

nip rollers help define a Mo „ Cnicknesa - Secondly, the 

- ... th .t :i n extrusion 

downstream „ ich the -.,,„,„. nQt c «ned further 

necessitate cutting the fa m to S «""~*" 

« 9 ure 3 shows a f urch t r e " 1SaSe "<»"- 
P«ts are marked with the L "' * ■" 1 <*°- 

«9u» 2. It differs £ r!m tT ~ la - » 

* ^ that the f uncll ^ te t UapT """" 
-Her draw means is conbin ed J^V"" ^ ^ 

Parallel moving belt c „ P _ " lt ° £ «W o~d non- 

comprises a belt 109 „ hich passes . Each conveyor 

one end and around an idler rou ' " " "« " 

ehe other end of its trave . LUT^V'^ " 
« appropriate roughness for friction ^ **' 

collapsing the tube waUs before they ar e /„ 
defined between the nip roUers 104 The "** " 1P 
«<* belt is i„ olined ac , nBl ." 4 < : f Ihe ln " mal ™ of 
before. Th6 benefic of .J"**; ' ° f ^-ximately 2 „- as 
Che extruded ^"^"^ °" - «-t 

Plicate, is gent! e ng ; : "^e ^ " Ul b ' 
Progressives fed into 2 1^^^°" 

process"::: diasram o£ th * 

US P roc e S sing conditions and 
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?J7' ,\ " enUrged Vie " ° f F1 ^« " *ho Wi „ 9 guide 
^ V " hlCh '« - "guiding pipee . D J e 9 f 

100 C rs stored ln storage vessel 212 . It is cransport J 
via extrusion device 21. and an extrusion Bm . through 

LTruded " - tn,d « 2 " — t*. cellulose tube Is 
extruded as described previously, a constant volume oi 

water 207 is maintained . in the snac. h. r u 

^„ space between the nio rollc 

10 / X " Uder ^ ™ X ~- I„ P ut 

10 pump 21 and inlet line 21, together with outlet pump 2 c 
and outlet u„e 211 continuously flush waCer th lol7 Z 
oontaxned volume 207. clean water is introduced and a 
dilute solution of water and NMMO (in the case of a typical 
amme-oxide process) i s discharged W 
-* Similarly, a constant volume of air is maintained in 

he space 20 8 via a line 222 at a slightly upra 
atmosphere pressure in the ra „g 9 „. x C£> „ *** 
sample imbar) to expand the tube transversely 

0 „.„ ^ e T rUded 13 C ° llapSed and *»«» ^„n through 

nip rolls 204 as described previously and passes around a 
successxon of guide rolls 224 within the water bath 2of to 
c-piete the cellulose solidif icaMon process T L 
flattened tube is then passed through a succession of waLr 

■. z r: c rvr shown) to — ^ 

7Z TT ' " PUStiCis - - to the outside 

of the tube and the tube is reeled for storage 

in this way, water is prevented by the nip rolls from 

berng carried downstream, thus avoiding the need to cut the 

cube at regular intervals to reUase trapped water, as in 

prior art processes. The pr ocess allows flat cellulose 

tube of tightly-controUed dimensions to be produced 

aawaa-i - showing the use of an inert gas blanket 
A cellulose solution for extrusion was prepared by 
mixing cellulose pulp „ ith an agueous WW* solution 

rrr ? 1 h S ° % * *<™- «s removed 

from the mxxture by applying h eat and a reduced pressure 
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The water boiled off at =»n«^ • 

off at approximately 70 . c and vapo 

were recovered in a condenser n* 

been reduced to .bout ^ th e NMMrt COnt " ,t h * d 

the eeHuJose began to d' , nOTOh '' d »" and 

inhibit the™,! delation of £ "J 1 -<° 

Tirr* to about 95,0 :: 

r e ^: n r ;r sio " soiuti ° n - - ~ - 

solution « a tL "* bUbW=S £r « tte 

»• temperature of about l0 o'c the cUulcee 

solution is a visco-eia.cic melt with a hi«h • 

a pronounced elastic behaviour. £ IT/ ^ Y ** 

cellulose solution was about 3 hours ' U ° = ^ 

— a, so as to :it^z:;t:z th r: u r 

— P—d into a precipitation bath contain" 
precipitation medium, such as „,t, r or """"^ * 
solution. A oositiv. „ aqueous nmmo 

ft positive pressure is applied ini-r, ► 
between the extrusion die and th- „ alr S * P 

to *eep the tube inflated up £ Pre " P1 " UO " bath » - 

p " The inner volume of t-h~ w 
is also kept filled , lr , * the tufa e 

^siti 0 „ p of - 

In the absence of a nitrogen blankPt- k 
cellulose solution in th* ern blanket above the 

wuo " ln tne storage vesspl -it- c 

colour intensity varied between Hiff 
extrusion runs. Moreover ev™ * • Cet:ween dl£fe «nc 

uureover, even during a sinale *vt-v-,,., • 

run of 20 minute* rh*. ■> " 3ie extrusion 

*u minutes the colour changed from light-red a t- m,. 
beginning of the run ^ ^ , . 9 rea at the 

3 *- i-ne run to dark brown-reH lV , 
However, when a ■ aC the e nd. 

S tora g e\er:i a ac dLTt: 1 ;;:";" 0 employed in ^ 

— , Of discolouration V^TT tT 
P-ssurised nitrogen enhanced £ i Ui „ g of the T.tru 
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ExampAfl _ 3 - showing detail* nf -u 

g stalls of che extruded cellulose 



A cellulose solution for o*^,,*- 

-xing cellulose pulp wich by 

• containing about 50 % L , NMM ° s °^t:i on 

from the mixture by appl ying heat and m ^ remove « 

The water boiled off ,7 reduced pressure. 

coined off at approximately ?o°r 
were recovered in . condena . r . and «*• vapours 

been reduced to about- . , ,,. ' " ater c °ntent had 

,he ceUulose CMf* "«*ydr«. —a and 

solution. A Et I c n 13er " ln " H "° m °»<*^ate 

staoiixaer was added to t-^- 

inhibit thecal degradation of The te "° " 

then increased to about and^ ! tem P««ure was 

Solved to form an extrusion ol Ln The^ 0 * 6 fib " S ' 
further reduced to r« m0 va air bubMes fro^th 
solution. At a "Doles from the cellulose 

a temperature about aoo-c the ra u , 
solution is a visc6-el ascic melt with a hi=h Cellulose 
a pronounced eiastic behaviour Time* ^ 

cellulose solution was about 3 hours ^ 

The cellulose solution was then stored i„ 
vessel and extruded throuoh an annuXar d Z so a" ! "J 0 ™ 9 * 
KMMO-cellulose tube. The tube 
• Precipitation bath containing a pr.eip7T.tto 3 
as water or aoueous mMO solution A " r 
applied into the air 3 ap between the ^ZT^ 
precipitation bath so as to Iceep the f T ^ 
inner volume of the -be la^i^ " * f m T^' 
precipitation liquid the Up " ith 

controlled to be cUnt """""^ ° f " hi * «• 

Measurements were <^>->~i<=^ 
Photomicrographs tZelt 1 Z °" ™* 
«.»» , is an X-ra y ptll Tj^ " » • 

— Tran Hni,s, fr j^Tirip. LiiiiiM. 

— ■"■^*" t r r Trni _crQ3(7 Q] yy (TR I M) 

Transmission el^t-v*,-*^ ♦ 

accordina to „e U known procedurea Py Ca " led °" 

morphology of the mno casinl is K ^'^^ 

casings is characterised by a 
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network structure in w hi>K ^ 

morphology can be divided into thr-^ sectional 

region, middle region and outer recrion a* a * 
processing conditions both sv^a^a 

:n :^;r:r ur ' as weu as - 

cne regions and pore sizes (Table l) rt . , D , 
dimensions, lower temperatures ,.. g l0 . c , °" P ° re 

r n.r P o res etan hi3her tempera : ur :: * r^r e ™i 

becomes evident by comparing Figures 6 8 »„„ ,„ 

to the present invention „iL Taole i ,vL aCC ° rdi " 9 

co^arison, . Reference to Table ! alsoT P ™°*"* 

" tL Cr0SS r e r i0nal m »°-« nev.r-.riea JI^™ 
the one hand and dried and rewetted samples on the other 
which shows that- t-^^ ^ ocner, 
that the drying process causes irreversihi » 
changes in the pore si?* «,,,„», _ ' irreversible 
of « K1 u rewetting is not capable 

of re-establishing the original pore si 2 * n * 
samples. P 312S ° f never dr ^d 

The inner surface of t-ho n 

the samples shows mainlu 

lt 9 :;; ne r rk of a " ra9ated fibrm ~ "Au 

- n ction „ p^^rr^-r" r a 

hh» present invention. Typical for 

the viscose casings is a symmetrical dense prestation 
structure with immersed spindle-lifce voids ^1" 
Rented in the machine direction o £ extrusion Also IZ 
surface structure of the viscose casings , F ig Ur e 13 , ' 
different from that of the mo £il m S of the present 

:;;:;?r r ;™ — —~ 

rented in the machine ^Z^ m ~^- 
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processing conditions, variations Q£ che pactern ^ ^ 

?. X-Pa" TWl-ur. r n . nnM ., n r . 

In order to determine the orientational state of .v. 

•-P1... pole figures were mea6ured „ \ 

9 o„iometer. The (1 . 10 , £ » -ure 

recorded in reflection „h , figures we re 

respectiveiy ria" ^ H tran3miSaio » retries. 

™, ,■ Sl> °" S an sample of the (1 mi 

pole figure of Sample 14 p " cn * ' 1 ', 10 * 

distribution curve, obtained by Tttinl the TT th * 

-he machine and transve rae V d i " 
parameters of unipianar orientation 11 

<Ogm> and in the transverse direction o g t aJTt 

chain orientation parameters , 00 a, „er l e " ^ 
results for the air , determined. The 

2. axr-drxed sampies are summarised in Table 

It can be seen from Table 2 th.c =. 
Processing . conditions. the ^1 r 0 T • 
orientation (00 m, varies more L^" than ,0^ 
transverse direction Th„ .r } ln a 

«ial chain "rlZ^Zll™^? the ^ 
comparison, the corresponding parameter! for a °' 
sample are also given. viscose 

WAXS investigations were Derfr,™^ • 

— r „ith a „ide angle x-ray'def ^ me^^T 
corrected scattering curv^ nf • fc meter. From the 

of crystalling™ iT^lT^ «* 

crystallite s es ."'»*«*•»'. —aged u t . ral 

-idth of the peals Wth h^lp 0 fTT h ^ 
Results for the air-dri , Scherrer eguacion. 

3 Th. "" Ples are s """aris.d in Table 

3. The venation in degree of cryst a lli„ ity „ , , 

<* processing conditions is relatively C S « .T"? 
present cellulose film. 0n Z 121 I 

the other hand, the 
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crystaHinity of the conventional viscose casing is higher 
(about 45-,. The latera! crystalline sizes do not show 

significant differences Aaain »-k i 

A 9 a in. the values for the viscose 

sample are higher. 

4- small Anm* y.r-w Tm,» flriTn ionft f qjB|ffp) 

SAXS investigations were performed using a Kratky 

camera with a position sensitive linear detector 
According to the Porod scattering theory, f rom the 
corrected scattering curves in absolute units, the volume 
fraction (Wv) of the pores in colloidal dimensions, and a 
measure of the void diameter < Iv ) (cord main intersectiQn 
length) as well as the internal surface (Osp) were 
calculated. * 

of dried and rewetted samples.. It should be noted thac 
SAXS method records pores in colloidal dimensions (1 to 
about lOOnm) only. p or « vrti% lfM 

y ore volu "». average pore size and 
specie internal surface of the dried samples 3 and 4 do 
not differ signif icantly . After storage of these samples 
in water and careful drying by mean3 of , 30lvenc ^ 
procedure, pore volume and internal surface increase 
dramat.cally. This is more the case f or sampl e « chan £or 
sample 3. For comparison, the effect is not present in 
viscose casings, and on the contrary pore volume and 
interna! surface tend to decrease following such treatment. 

Permf^j ] j ry 

For selected samples from the experimental program 
permeabUity measurements were carried out for which the 

results are shown in Table s d.v^«wi- 

iaoie 5. Permeabxlicy is measured 
using a solution of K,Fe(CN), rkio ~u -l: 
- A » reiuw '<- This shows that permeability 

tor the NMMO casings of the nv» a ^«t- • 

9 Cfte Present invention are higher 

than those for the comparison viscose casings. 
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OifcriUrwfm puvmtm fmm X-ray pole f, S ure investi^ttorw 



Sample 
dried 


FWHM M 
fdeqreej 


Uniplanar 
OG M 


orientation 
FWHM r 
[decree) 




Axial chain 
FWHM A 
[degree) 


orientat. 
OG A 


1 


4S.3 


0.75 


42.9 


0.76 


no orienta. 


0 


2 


33.9 


0.81 


41.2 


0.77 


55 


0.69 


3 


40.2 


0.78 


39.4 


0.78 


59 


0.67 


4 


36.7 


o.ao 


42 7 


0.76 


86 


0.52 


5 


41.5 


0.77 


40.3 


0.78 


na orienta. 


0 


6 


49.3 


0.73 


44.5 


0.75 


64 


0.64 


7 


44.3 


0.75 


43.0 


0.76 


85 


0.53 


8 


4S.3 


0.75 


44.5 


0.75 


55 


0.69 


14 


372 


0.79 


43.0 


0.76 


61 


0.66 


SCOSE CASING . J 


29.5 


0.84 


39.0 


0.78 


70 


0.61 



P.V/HM ■ full width it half minimum; W. T and A - m«hin, ,«„.w 7~ " 



\ 



I 
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TABLE 3 



Otgttt of e<yKa«ini,y 4nd 



cnnuKit sin* of i*. si ,.« fi<t<l ttinptel „ , f0K , x>| 



'»y irweitigiiion* 



Sample 
dried 



V1 

V2 

V3 
V4 
V5 
V6 
V7 
VB 
V14 

VISCOSE CASING 



39 

41 

39 

39 

38 

37 

36 

41 

36 

45 



k-10 J 
fnm'I 



2.6 

2.3 

2.1 

2.S 

2.4 

2.5 

2.3 

2.2 

2.2 

2.3 



''(ton 



3-9 

3.9 

3.5 

3.5 

3.9 

3.7 

3.7 

3.6 

3.9 

4.5 







4.6 


3.3 


4 3 


3.1 


4.1 


3.4 


4.2 


33 


4.3 


3.2 


4.3 


35 


4.0 


3.4 


4.3 


3.4 


4.1 


3.5 


4.5 


3.6 



V eejfrt of crystailiniry. k- diso^r parameter. 0, 



'••r crystallite dimensions 



WO 00/23249 



TABLE 4 



-22- 



PCT/CB99/03439 




3, dried 

3. rewerted 

4. dried 

4, rewetted 

VISCOSE CASING 
DRIED 

VISCOSE CASING 
REWETTED 



•volume taction «rf por«. (,. 



0.11 



2.0 




2.0 
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TABLE S 



Experiment 


permeation value 
(Tig. pm ml/(min cm* q) 


7 


394 


8 


331 


9 


362 


— i=z] 


379 




276 


VISCOSE CASING 


213 



( 

J 



